A periodic acid-thiocarbohydrazide-silver protein-physical development (PA-TCH-SP-PD) procedure was applied to the rat circumventricular organs (CVOs), which are known to be specialized structures in the brain. In the rat CVOs, vivid PA-TCH-SP-PD reactions were obtained in the apical surface and cytoplasm of the ependymal cells of the subcommissural organ (SCO) and the epithelial cells in the choroid plexuses (CPs) examined, and similar positive reactions were detected in the vascular walls and perivascular connective tissues in all the CVOs tested. Further, varying intensities of PA-TCH-SP-PD reactions were noted in the neuronal and glial networks of the organum vasculosum laminae terminalis (OVLT), subfornical organ (SFO) and area postrema (AP). The results obtained in the present study indicate that in the rat CVOs the histologic structures mentioned contain varying amounts of neutral carbohydrates and possible histophysiological significances of these carbohydrates in these organs have been discussed with references to their functions.
Circumventricular organs (CVOs) are known to be brain structures with common specialized morphological properties, since they are provided with cells in direct contact with cerebrospinal fluid, with dense vasculations and are devoid of blood-brain barrier, except for the subcommissural organ (SCO) (Hofer, 1958; Sano, 1974 ; Summy-Long et al., 1992; Weindl et al. , 1992) . Among these organs are organum vasculosum laminae terminalis (OVLT), subfornical organs (SFO), SCO, area postrema (AP) and choroid plexuses (CPs). It has been established that the OVLT, SFO and AP are parts of a complex network of cerebral structures involved in the regulation of salt-water balance and of neuroendocrine functions (Lepetit et al., 1992) , whereas the SCO and CPs elaborate and release glycoproteins (Meiniel, 1985; Rodriguez et al. , 1986; 1987) and cerebrospinal fluid (Cserr, 1971 ; Keep and Jones, 1990 ) respectively.
In these CVOs, histochemical studies on neutral carbohydrates have been few in number, except for a couple of studies on the SCO using periodic acidSchiff (PAS) techniques (Bargmann and Schiebler, 1952; Wislocki and Leduc, 1952) . In the PAS method, however, the sensitivity of Schiff's reagent for PAengendered dialdehydes has been shown to be limited (Stoward and Mester, 1964 ) and the images obtained by the magenta reaction products are relatively vague in contour (Nakamura et al., 1985) . In view of such a limitation, Nakamura et al. (1985) have established a periodic acid-thiocarbohydrazide-silver proteinphysical development (PA-TCH-SP-PD) method as a more sensitive and reliable technique of choice for the precise visualization of neutral carbohydrates in light microscopy.
In the present study, therefore, attempts have been made to employ this newer method for studies on the histochemical properties of neutral carbohydrates in the rat CVOs, so as to elucidate the precise histophysiological functions of a variety of histologic structures involved in the CVOs of the rat.
Materials and Methods
Brains including CVOs (OVLT, SFO, SCO, AP and the CPs of the third and fourth ventricles) ( Fig.  1) were removed from a total of 3 adult male and 3 adult female rats of Fischer strain, which were sacrificed by decapitation following ether anesthesia.
These brains were immediately cut into three pieces along the lines A and B in Fig. 1 . Then, these tissue pieces were fixed in Carnoy's fluid at 4°C for 40 -48 hrs, rinsed and dehydrated in 100% ethanol, cleared in xylene and embedded in paraffin wax. Sections were cut at a thickness of 4 to 6 [tm and mounted on glass slides without any adhesives. The tissue sections were then dewaxed in xylene, hydrated in a descending ethanol series and subjected to the PA-TCH-SP-PD procedure or control procedures described below. The stained sections were dehydrated in an ascending ethanol series, cleared in xylene and mounted in HSR.
Periodic acid-thiocarbohydrazide-silver protein physical development (PA-TCH-SP-PD) procedure (Nakamura et al., 1985) Dewaxed and hydrated sections were oxidazed in 1% periodic acid aqueous solution for 10 minutes, incubated in 1% thiocarbohydrazide in 10% acetic acid aqueous solution at 40°C for 40 minutes, immersed in 0.5% silver protein aqueous solution for 30 minutes and then subjected to a physical development procedure at 20°C for 5-10 minutes.
Control procedures
The following seven procedures were performed as controls for the PA-TCH-SP-PD method. 1. PAS procedure 2. PA-TCH-SP procedure 3. PA-TCH-PD procedure 4. PA-SP-PD procedure 5. TCH-SP-PD procedure 6. SP-PD procedure 7. PD procedure
Digestion with a-amylase
To substantiate the presence of glycogen in tissues, some tissue sections were digested at 37°C for 1 hour with 1 mg/ml a-amylase (Seikagaku Kogyo Co., Japan) in buffered neutral saline (0.8% NaCl, 0.08% NaH2PO4.H2O, 0.13% Na2HPO4) (Casselman, 1959) prior to the PA-TCH-SP-PD procedure (Nakamura et al. , 1985) . As a control for the enzyme digestion, other sections were incubated in buffered neutral saline without the enzyme under conditions of the same duration and temperature.
Results

I. Organum vasculosum laminae terminalis (OVLT)
In the rat OVLT stained with PA-TCH-SP-PD procedure, positive reactions in blackish shades were detected in the vascular walls, perivascular connective tissues, neuronal and glial networks and granules of different sizes within these networks (Figs. 2 and 3). Prior digestion with a-amylase abolished the positive reactions of the granules of different sizes in these networks and diminished variably the reactivity of the neuronal and glial networks in the OVLT (Fig. 4) . When the organs were stained with the control staining procedures 1 and 2 (PAS and PA-TCH-SP), only the vascular walls and perivascular connective tissues were colored in magenta and brownish shades with the PAS and PA-TCH-SP procedures respectively. The other control procedures (3 to 7) failed to color any histological structures in the organ.
Subfornical organs (SFO)
In the rat SFO stained with the PA-TCH-SP-PD procedure, positive reactions were detected in the vascular walls, perivascular connective tissues and neuronal and glial networks (Fig. 5 ). Digestion with a-amylase decreased variably the intensity of the PA-TCH-SP-PD reactions in the neuronal and glial networks of the organ, whereas it failed to alter the reactions of the vascular walls and perivascular connective tissues. In the organ stained with PAS and PA-TCH-SP (Fig. 6 ) procedures (control procedures 1 and 2), positive reactions were obtained only in the vascular walls and perivascular connective tissues. The other control procedures (3 to 7) did not result in any colorations in all the histological structures of this organ.
Subcommissural organs (SCO)
In the rat SCO stained with the present experimental staining procedure (PA-TCH-SP-PD), positive reactions were obtained in the apical surface and both the distal and basal parts of the cytoplasm in the SCO-ependymal cells (Fig. 7) . Prior digestion with a-amylase diminished the reactivity of the cytoplasm in the SCO-ependymal cells (Fig. 8) . In the organ stained with the control procedures 1 and 2, PAS reaction products were detected in the apical surface and distal cytoplasm of the SCO-ependymal cells, whereas positive PA-TCH-SP reactions were obtained in the apical surface and both the distal and basal parts of the cytoplasm in the ependymal cells (Fig. 9) . The other control procedures (3 to 7) did not give rise to any colorations in all the histological structures in the organ.
Area postrema (AP)
In the rat AP stained with the PA-TCH-SP-PD procedure, positive PA-TCH-SP-PD reactions in blackish shades were revealed in the vascular walls, perivascular connective tissues and neuronal and glial networks (Fig. 10) . Prior digestion with aamylase declined variably the intensity of the PA-TCH-SP-PD reactions in the neuronal and glial networks of this organ but failed to affect the intensity in the rest of histological structures exhibiting positive reactions. In the organ stained with the PAS and PA-TCH-SP techniques (control procedures 1 and 2), positive reactions of unaltered intensities were obtained only in the vascular walls and perivascular connective tissues. The other control procedures (3 to 7) did not color any histological structures in the organ.
Choroid plexuses (CPs)
In the rat CPs of the third and fourth ventricles stained with the PA-TCH-SP-PD procedure, strong positive reactions were obtained in the apical surface and entire cytoplasm of the epithelial cells, vascular walls and perivascular connective tissues (Fig. 11) . Prior digestion with a-amylase diminished slightly the reactivity Ofthe cytoplasm of the choroidal epithelial cells, whereas it failed to affect the positive reactions of the rest of the histological structures. When the organs were stained with the PAS (Fig.  12 ) and PA-TCH-SP (Fig. 13 ) methods (control procedures 1 and 2), weak positive reactions were detected in the apical surface of the epithelial cells, vascular walls and perivascular connective tissues. The other control procedures (3 to 7) did not color any histological structures at all in the organ.
Discussion
In the present study, the PA-TCH-SP-PD procedure was used to detect precisely neutral carbohydrates in a variety of histological structures of the rat CVOs. For the detection of neutral carbohydrates in light microscopy, the PAS method has hitherto been employed widely (McManus, 1948; Lillie and Fullmer, 1976; Pearse, 1985) . As mentioned in the introductory remarks of this article, however, the sensitivity of Schiff's reagent for PA-engendered dialdehydes has been postulated to be limited in the PAS method (Stoward and Mester,_ 1964; Yamada, 1993) . To overcome such a limitation, a PA-TCH-SP-PD procedure has been developed and established by Nakamura et al. (1985) . This method can be regarded as being useful and reliable, since it is high in sensitivity and excellent in discrimination of microscopical images (Nakamura et al., 1985; Yamada, 1993) .
When tissue sections of the rat CVOs were stained with the PAS and PA-TCH-SP methods, positive reactions were obtained in the vascular walls and perivascular connective tissues in the OVLT, SFO, AP and CPs together with the apical surface and cytoplasm in the SCO-ependymal and choroidal epithelial cells. However, the colorations obtained by these methods were found to be rather vague in contour and weak in intensity. On the other hand, the PA-TCH-SP-PD procedure resulted in distinct positive reactions, which were found not only in the PAS and PA-TCH-SP reactive histological structures but in the PAS and PA-TCH-SP negative neuronal and glial networks in the OVLT, SFO and AP. Thus, the present results are taken to substantiate that the PA-TCH-SP-PD method is sufficiently sensitive to detect exceedingly small amounts of neutral carbohydrates which can never be visualized by the PAS or PA-TCH-SP technique.
The negative results obtained by the control procedures such as PA-TCH-PD, PA-SP-PD, TCH-SP-PD, SP-PD and PD can be taken to confirm that every step of the PA-TCH-SP-PD procedure is of a significant specificity.
The rat CVOs examined are grouped into two categories on the basis of their histological structures. The first category consists of the OVLT, SFO and AP, which contain capillary loops with permeable fenestrated endothelium and surrounding perivascular spaces (Weindl et al., 1992) . Further, their parenchyma is composed of glial and neuronal networks including small nerve cell somata, dendritic and axonal processes as well as terminals (Weindl et al., 1992) . In addition, these CVOs have been reported to contain binding sites for several circulating substances, such as steroid hormone (Stumpf et al., 1992) , angiotensin II and atrial natriuretic peptide (ANP) (Saaverdra et al. , 1986; Skofitsch and Jacobowitz, 1988; Ferguson., 1992) , which can not physiologically penetrate the brain tissues. In mammals, neutral glycoproteins have generally been presumed to function by recognizing cells and physiologically active substances and by receiving chemical informations (Hughes, 1975; Shinohara, 1977) . Thus, the a-amylase resistant neutral carbohydrates visualized in these organs could be concerned with the functions mentioned, which appear to be essential for the physiological activities of these organs. The second category involves SCO and CPs which are composed mainly of specialized epithelial cells. The SCO is known to elaborate and release glycoproteins which form Reissner's fibers (Lasecke et al. , 1984; Herrera and Rodriguez, 1990; Debbage et al., 1993) , whereas the CPs to secrete cerebrospinal fluid (Cserr, 1971; Keep and Jones, 1990) . In view of these facts, the vivid PA-TCH-SP-PD reactions in both the apical surface and cytoplasm of SCO-ependymal and choroidal epithelial cells could be correlated with the secretory activities of these organs.
The present results are taken to indicate the presence of glycogen in the histological structures of the CVOs, such as the granules and neuronal and glial networks in the OVLT, the neuronal and glial networks in the SFO and AP and the cytoplasm of the SCO-ependymal and choroidal epithelial cells. According to Ito et al. (1994) , glycogen storage relates not only to energy needs but to the particular type of metabolism and the ease with which substrates can access. In the rat CVOs, glycogen may thus be concerned not only with energy needs but with such a metabolic type and easy access of substrates for maintaining the particular functions characteristic .to these organs.
In the present study, the results obtained by the PA-TCH-SP-PD procedure can be conceived to be useful for the elucidation of the true physiological functions of different CVOs in the rat brain. However', further critical studies using other morphological methodologics are needed for thorough recognitions of the essentials of physiological activities in the mammalian CVOs. 
